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(54) Beam blocking material and method for beam drilling and inspecting cooling holes 



(57) A method of forming and inspecting beam 
drilled holes (12). and in particular laser beam drilled 
holes (12). in an article such as a turbine blade (10) or 
vane airfoil (11), with a hollow interior (16). The method 
includes (a) filling the hollow interior (16) with a beam 
blocking material (24) having fluorescent material, (b) 
beam drilling the holes (12) in a wall (15) through to the 
hollow interior (16), and (c) inspecting the hole (12) un- 
der a black li^t (30). The beam blocking material (24) 
preferably includes a wax material and step (a) includes 
filling the hollow interior (16) with a melted mixture of 
the wax and fluorescent materials. The wax material 
may be a pattern wax material suitable for use in making 
turbine blade (10) investment casting molds and the flu- 
orescent material may be a fluorescent penetrant. 




CM 

< FIG. 2 

in 
o 
o 

ID 
00 

o 

Q. 

lU 

Printed by Jouv*. 75001 PARIS (FR) 



BNSDOaD: <EP ^0854005A2J.> 



1 EPO 

Description 

The present invention relates to the detection of 
blocked or defective laser drilled cooling holes and, 
more particularly, to material and nnethod for beam drill- 
ing and inspecting the cooling holes of a gas turbine en- 
gine airfoil using a black light to illuminate a fluorescent 
laser beam blocking material used during beam and, 
more particularly, laser drilling of the holes. 

Gas turbine engines have hollow airfoil turbine 
blades and vanes representative of hollow articles hav- 
ing laser or otherwise beam drilled cooling holes to 
which this patent is directed. Referring to FIG. 1. a gas 
turbine engine blade 10 and more particularly its airfoil 
11 has a multiplicity o1 cooling channels or holes 12 
formed therein by laser drilling to permit cooling o1 the 
blade during engine operation. The cooling holes 12 ex- 
tend from an exterior surlace 1 4 of a wall 1 5 of the blade 
10 into a hollow interior 16 or plenum of the blade 10. 
The blade hollow interior includes a plurality of interior 
walls 1 8 or baffles to direct cooling air along a serpentine 
cooling circuit 1 9 further indicated by arrows 20, through 
the interior of blade 10 and out cooling holes 12 tocreate 
cooling air streams, indicated by arrows 22. Cooling air 
20 absorbs heat within the interior 1 6 of blade 1 0 arid 
also from the walls surrounding cooling holes 12 and 
cooling air streams 22 exiting holes 1 2 flow over the ex- 
terior surface 14 to further cool the blade. 

In order to function properly, the cooling holes 12 
must be constructed to a Icnown conriguraiion because 
the distribution of airflow must be controlled to achieve 
proper cooling of the blade during engine operation. 
Thus, the cooling holes must not be blocked or even par- 
tially blocked to provide sufficient and uniform cooling 
air distribution through blade interior 16 and across the 
exterior 14 of blade 10. Laser drilling and other beam 
. drilling processes create melted material and the holes 
may become blocked after the drilling procedure is fin- 
ished. Sometimes individual holes in an array of holes 
are not drilled through completely or missed altogether 
due to an error in the drilling process or faulty equip- 
ment. Therefore, the inspection of cooling holes 12 to 
detect blockages Is very important in the process of 
making such articles, particularly from a quality control 
standpoint. Inspection of cooling holes 12 to detect 
blockages is difficult because of the small size of the 
holes; a typical hole diameter is about 1 2 mils (0.3 mm.]. 
A wire or pin diameter gage is typically employed to in- 
spect the cooling holes for blockage but this method is 
time consuming, tedious and labor intensive. Addition- 
ally, the wire or pin gauges can break and pieces of the 
gauge can become trapped within the interior plenum 
or the cooling hole and, therefore, block the hole adding 
further time and costs to the manufacturing process. 

A method and apparatus for inspecting cooling 
holes using infrared thermography is disclosed and 
claimed in U.S. Patent No. 4,644,162. issued Feb. 17, 
1987. This patent discloses forcing a heated gas 
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through a relatively cooler cooling hole, measuring the 
infrared signature of the cooling holes during the tran- 
sient with a scanning infrared radiometer, and compar- 
ing the measured radiation intensity with a reference. 
5 Another method and apparatus for inspecting a channel 
through a workpiece or cooling holes through the sur- 
face of a gas turbine engine are disclosed in U.S. Patent 
No. 5,111.046 which uses Imaging with an infrared ra- 
diometer to generate a series of images of the blade dur- 
10 ing both heat-up and cool-down cycles. A selected 
group of parameters are determined from the series of 
images generated by the I R radiometer and defects 
within the cooling holes may then be detected by ana- 
lyzing the parameters, such as a transient response of 
'5 the infrared signature of the cooling holes during both 
the heat-up and the cool-down cycles. Again, both these 
methods though very useful are very expensive and 
time consuming to incorporate in a production line such 
as is the intended use of the present invention. 
20 A method and apparatus real-lime cooling hole size 
monitoring and laser control to enhance the quality and 
consistency of cooling holes is disck>sed in U.S. Patent 
No. 4,873.414. This method and apparatus monitor light 
reflected back from the hole to provide a means for mon - 
25 itoring tho size of the hole being drilled by the laser and 
for controlling the laser beam. U.S. Patent No. 
5,011,626 discloses a barrier nnaterial that is placed in 
front of those surfaces in the hollow interior that one 
wishes to protect from the laser beam. The banrier ma- 
30 terial includes material which will disperse the laser light 
and material which will emit light when exposed to the 
laser light. The light emitter materials could be lumines- 
cent materials, phosphorescent materials, or fluores- 
cent materials. These apparatus methods provkfe 
55 means for monitoring the quality of the cooling hole dur- 
ing the laser hole drilling process but will not find remelt 
blockage which occurs after the laser or another hole 
drilling beam is turned off. 

U.S. Patent No. 5,054,087 discloses a process for 
40 optically checking perforations in a hollow article, par- 
tlculariy the micro-perforations in the vicinity of the lead- 
ing or trailing edge of a hollow turbine blade for a turbo- 
shaft engine. This process comprises illuminating the in- 
nercavity (hollow interior)of the article through an open- 
ing at one end thereof and scanning the length of the 
article by means of a video camera. The video signals 
are then processed and compared to signals with a pre- 
determined train of reference signals derived from a 
standard article. 
so Such a system may work for non-serpentine cooling 
circuits but cannot reach interior cavities of the serpen- 
tine type or any other type of hidden cavities and cooling 
circuits inside of tho cooled airfoil. Often there is no way 
for light to be directed into tho interior cavities of leading 
ss edge cooling chambers to which the cooling holes are 
laser drilled. 

The present invention is directed to overcoming 
these shortcomings and provide an accurate, quick, and 
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inexpensive method of inspecting laser dniled cooling 
holes. 

According to the present inventbn. there is provid- 
ed a a method of forming and inspecting beam drilled 
holes and. in panicular. laser beam drilled holes, in an 
article, such as a turbine blade or vane airloil with a hoi* 
low interior The method includes (a) filling the hollow 
interior with a beam blocking material having fluorescent 
material, (b) beam drilling the holes in the wall through 
to the hollow interior, and (c) inspecting the hole under 
a black light. The beam drilling step (a) preferably in- 
cludes laser drilllr^g. The beam blocking material prefer- 
ably includes a wax material and step (a) includes filling 
the hollow interior with a melted mixture of the wax and 
fluorescent materials. The wax material may be a pat- 
tern wax material suitable tor use in making turbine 
blade investment casting molds and the fluorescent ma- 
terial may be a. fluorescent penetrant several of which 
are commonly Known and used in the art to delect 
cracks. 

The present Invention also includes the various em- 
bodiments of the beam blocking material disclosed 
herein including a mixture of melted wax and fluorescent 
materials. The wax material preferably being the pattern 
wax material suitable for use in making turbine blade 
investment casting molds and the fluorescent preferably 
being material the fluorescent penetrant. 

The present invention has many advantages over 
beam drilling and inspection of airfoil and other cooling ■ 
holes disclosed in the prior art. The present invention 
provides a more economical method and beam blocking 
material for forming and inspecting laser and other 
beam drilled cooling holes in turbine airfoils and other 
articles with cavities disclosed in the prior art. The beam 
blocking material and the inspection method of the 
present invention can be done with off the shelf corrv 
mercial materials that are readily available In many 
shops where such methods are practiced. Furthermore, 
the inspection under the black light and the equipment 
used can easily be set up in such a shop. The hole de- 
tection of the present invention can be done visually by 
an operator using his eyes or by electronic equipment 
and computers that use more sophisticated techniques 
to determine hole size and other parameters that are 
disclosed in the prior art. The primary advantage ot the 
present invention is the elimination of the need for a hu- 
man operator to stick a pin Into each hole or for a corrv 
plicated laser device to be accurately aimed to illuminate 
the hole and another device to detect the hole as done 
in the prior art. 

The Invention, together with further objects and ad- 
vantages thereof, is more particulariy described in con- 
junction with the accompanying drawings in which: 

FIG. 1 is a partially cutaway perspective view of a 
turbine blade illustrating a conventional serpentine 
cooling path of the prior art; 
FIG. 2 is a perspective view illustrating laser cooling 



hole drilling of the turbine blade in FIG. 1 with a 
beam blocker material in accordance with the 
present invention; 

FIG. 3 is a perspective view illustrating lasercooling 
5 hole inspection of the turbine blade after the drilling 
illustrated in FIG. 1 in accordance with the present 
invention; and 

FIG. 4 is a flow chart illustrating a method of laser 
drilling cooling holes with a beam blocker material 
and inspection of the cooling holes in accordance 
with the present Invention. 

Referring now to the drawings, there is schemati- 
cally illustrated in FIG. 1 a prior art example of a gas 
turbine engine blade 1 0 and airfoil 1 1 having a multiplic- 
ity of cooling channels or holes 1 2 formed therein by la- 
ser drilling to penmit cooling of the blade during engine 
operation. The laser drilling method of the present in- 
vention is illustrated in FIG. 2 taken in conjunction with 
the flow chart illustrated in FIG. 4. The method of forming 
and inspecting beam drilled holes and, in particular, la- 
ser beam drilled holes 1 2 in an article such as a turbine 
vane or turi^ine blade airioil 11 . with a hollow interior 16 
such as the serpentine cooling circuit 19. The method 
includes the following steps; (a) filling the hollow intorror 
16 (cooling circuit 19) with a beam blocking material 24 
having fluorescent material. |b) preferably using a laser 
28 and a laser beam 30 to drill the holes 12 in the wall 
15 through to the hollow interior 16, and (c) inspecting 
the holes after the drilling is complete under a black light 
32 generated by a black light generator 34 as illustrated 
in FIG. 3. The hole detection and inspection in step (c) 
of the present invention can be done visually, by an op- 
erator using his eyes 38, or by electronic equipment and 
computers that use more sophisticated techniques to 
detenmine hole size and other parameters that are dis- 
closed in the prior art. 

The beam blocking material preferably includes a 
wax material and step (a) preferably includes filling the 
hollow interior with a melted mixture of the wax and flu- 
orescent materials. The wax material may be a pattern 
wax material suitable for use in making turbine blade 
Investment casting molds and the fluorescent material 
may be a fluorescent penetrant several of which are 
commonly known and used in the art to detect cracks. 
One such wax material that was tested is SW-12 Pattern 
Wax from KIndt-CoOins Inc. of Dayton. Ohio which was 
mixed with a fluorescent penetrant named HM604 
DUBL-CHEK Penetrant from Sherwin Inc. of Southgate. 
California. An airflow check may be used thereafter as 
is commonly done in the art to check for proper airflow 
through the serpentine cooling circuit and cooling holes. 

The present invention also includes the varbus em- 
bodiments of the beam blocking material disclosed 
herein including a mixture of melted wax and fluorescent 
materials. After the inspection has been completed, the 
wax material may be removed by melting, evaporation, 
or burning. 
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Claims 

1. A method of forming and inspecting beann drilled 
holes (12) in a wall (15) of an article (61 ) with a hol- 
low Interior (16), said method comprising: s 

(a) , filling the hollow interior (16) with a beam 
blocking material (24) having fluorescent mate- 
rial, 

(b) beam drilling the holes (12) in the wall (15) io 
through to the hollow interior (16), and 

(c) inspecting the holes (12) under a black light 
(30). 

2. A method as claimed in claim 1 wherein said beam is 
drilling step comprises laser drilling. 

3. A method as claimed in claim 2 wherein said beam 
blocking material (24) includes a wax material and 
step (a) includes filling the hollow interior (16) with 20 
a melted mixture of the wax and fluorescent mate- 
rials. 

4. A method as claimed in claim 3 wherein said wax 
material is a pattern wax material suitable for use ss 
in making turbine blade (10) investment casting 
molds. 

5. A method as claimed in claim 4 wherein said fluo- 
rescent material is a fluorescent penetrant. 30 
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FIG. 1 

(PRIOR ART) 
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FILLING THE HOLLOW INTERIOR OF 
A TURBINE BLADE WITH A BEAM 
BLOCKING MATERIAL, PREFERABLY 
A MELTED MIXTURE OF WAX AND 
FLUORESCENT MATERIALS 







USING A BEAM TO DRILL COOLING 
HOLES THROUGH A WALL OF THE 
. TURBINE BLADE TO THE HOLLOW 
INTERIOR 






INSPECTING THE HOLES UNDER A 
BACK LIGHT AFTER THE DRILLING 
IS COMPLETE 



FIG. 4 
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(54) Beam bloclcing material and method for beam drilling and inspecting cooling holes 



(57) A method of forming and inspecting beam 
drilled holes (12), and in particular laser beam drilled 
holes (12). in an article such as a turbine blade (10) or 
vane airfoil (11), with a hollow interior (16). The method 
includes (a) filling the hollow interbr (16) with a beam 
blocking material (24) having fluorescent material (b) 
beam drilling the holes ( 1 2) in a wall ( 1 5) through to the 
hollow interior (16), and (c) inspecting the hole (12) un- 
der a black light (30). The beam blocking material (24) 
preferably includes a wax material and step (a) includes 
filling the hollow interior (16) with a melted mixture of 
the wax and fluorescent materials. The wax material 
may be a pattern wax material suitable lor use in making 
turbine blade (10) investment casting mokjs and the flu- 
orescent material may be a fluorescent penetrant. 
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